This paper assesses the additional benefits of a homestead gardening program designed to control vitamin A deficiency in Bangladesh. In February and March 2002, data were collected on the food security and social status of women from 2,160 households of active and former participants in the gardening program and from control groups in order to assess the impact and sustainability of the program. The proportions of active and former-participant households that gardened year-round were fivefold and threefold, respectively, higher than that of the control group (78% and 50% vs. 15%). In a three-month period, the households of active participants produced a median of 135 kg and consumed a median of 85 kg of vegetables, while the control households produced a median of 46 kg and consumed a median of 38 kg (p and consumed a median of 38 kg (p and consumed a median of 38 kg ( < .001). About 64% of the active-participant households generated a median garden income of 347 taka (US$1 = 51 taka), which was spent mainly on food, and 25% of the control households generated 200 taka in the same period (p generated 200 taka in the same period (p generated 200 taka in the same period ( < .001). The garden production and income levels of formerly participating households three years after withdrawal of program support were much higher than those of the control households, illustrating the sustainability of the program and its ability to increase household food security. Significantly more women in active-and former-participant households than in control households perceived that they had increased their economic contribution to their households since the time the program was launched in their subdistricts (> 85% vs. 52%). Similar results were found for the level of influence gained by women on household decision-making. These results highlight the multiple benefits that homestead gardening programs can bring and demonstrate that these benefits should be considered when selecting nutritional and development approaches targeting poor households.
Introduction
Vitamin A deficiency is a major public health problem in more than 70 countries, including Bangladesh. Horticultural approaches have been considered among the long-term sustainable strategies to reduce the prevalence of micronutrient deficiencies, including that of vitamin A [1, 2] . However, it has recently become evident that the bioavailability of provitamin A from darkgreen leafy vegetables, and to some extent from fruits and tubers, is much lower than was previously assumed [3, 4] . Nevertheless, gardening programs continue to be widely adopted strategically to improve vitamin A status of women and children in developing countries, including Bangladesh [5] [6] [7] . This widespread adoption is reasonable because homestead gardening is a traditional and sustainable activity of most rural households in developing countries, and garden produce can be an important source of multiple micronutrients, such as vitamins A, C, and B-complex and iron from fruits and other plant sources [8] . In addition, a number of studies have suggested other potential benefits of homestead gardening programs, including the improvement of household food security and female status as well as increased income [9, 10] . However, little documentation exists that focuses on these additional advantages of gardening programs originally designed to control vitamin A deficiency. Impact of a homestead gardening program on household food security and empowerment of Impact of a homestead gardening program on household food security and empowerment of
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Gardening in Bangladesh
Homestead gardening in Bangladesh is traditionally the responsibility of women. Gardening activities are mainly seasonal in Bangladesh, where about 70% of vegetables and fruits are produced in the winter, and very little produce is stored or preserved by households [11, 12] . It has been estimated that less than 10% of homestead gardens grow vegetables year-round. The Food and Agriculture Organization (FAO) of the United Nations has estimated vegetable and fruit production in Bangladesh to be less than 30% of the national needs [13] . Given the understanding that homestead gardening has the potential to reduce the prevalence of vitamin A deficiency in children and women [1] , and that the production and availability of vegetables and fruits were inadequate in Bangladesh, Helen Keller International initiated a nationwide homestead gardening program through partnership with local non-governmental organizations (NGOs) to reduce vitamin A deficiency in poor rural households [9] .
The program, "NGO Gardening and Nutrition Education Surveillance Project" (NGNESP), was launched in 1993 and aimed at encouraging poor households with very limited land to start gardening, producing vegetables year-round, and increasing the number and production of vitamin A-rich crops grown per garden. The main participants in the NGNESP are poor rural women. By February 2000, the NGNESP had worked with 51 local NGOs as partners and covered more than 860,000 households in 210 of the 460 subdistricts of Bangladesh [9] . Based on the number of beneficiaries and total budget of the project since 1993, the cost of the NGNESP has been estimated at US$7.66 per household during the three years of project support.
Status of rural women in Bangladesh
The social context in Bangladesh is characterized by female seclusion and subordination, which combine to relegate women to a restricted role, mainly involving domestic work [14, 15] . From childhood, most rural women have been taught to be obedient wives; their primary role is to bear children and maintain household responsibilities. The fact that they are expected to eat only after their husbands and sons have finished [14, 16] speaks to their place in the family hierarchy. Poverty, oppression, and illiteracy, combined with limited exposure to new information, have reduced the ability of many rural women to learn about life outside their homesteads and immediate surroundings; as a result, they are seldom consulted on the majority of household decisions. Under these conditions, most rural women are forced to depend on their husbands, who exercise complete control, which further damages any residual self-confidence they may have. According to Abecassis [17] , many rural women in Bangladesh have completely internalized their inferior status; their self-image is very low, their creativity is stifled, and they believe that their inferiority is both real and inevitable. Ironically, the extremely poor women, who have no money, cannot afford to observe seclusion. As a result, they enjoy much more freedom, as they must leave home to work. Many of these poverty-stricken women have learned how to earn money inside or outside household compounds and have been contributing to household economic well-being. These women are learning that they are valuable to society and to themselves and are gaining some sort of self-esteem and influence over business and general household decisions [14] .
NGNESP evaluation
A study was conducted in the winter of 2002 (February and March) to determine the economic and social impact of the NGNESP on its beneficiaries and to evaluate the sustainability of the program. Prior to data collection, the study protocol was approved by a research committee of local and international staff of Helen Keller Worldwide in Bangladesh.The data presented in this paper focus on the way the NGNESP has influenced household food security and the empowerment of women in program areas.
Methods

Study design and data analysis
Administratively, Bangladesh is divided into divisions, subdivisions, districts, subdistricts, unions, and villages. According to the level of household participation in the program, three groups comprising 720 households each-the active-participant, former-participant, and control households-were included in the study. The "active-participant group" consisted of households that had been receiving technical and material assistance from Helen Keller International for less than three years, and the "former-participant group" consisted of households that had completed the program and had been operating without Helen Keller International assistance for at least three years. Beneficiary households in the active and former groups were selected based on whether they had ever participated in the program, but regardless of their current gardening activities. In order to avoid a potentially confounding spillover effect, the control group of households was selected from within the target subdistricts from unions where NGNESP activities had not yet been implemented. For the control group, only households that had similar socioeconomic conditions at the time NGNESP beneficiaries were selected were considered. Although the selection criteria varied slightly among subdistricts, the majority of NGNESP beneficiaries had been chosen from landless or low-income households having a total land size of less than 50 decimal (0.2 ha), generally with a day laborer as household head. A total of 2,160 households (3 × 720) were randomly selected from 39 of the 210 subdistricts where the NGNESP has been implemented, and thus they represent the current national project population.
The interviews were conducted in February and March 2002. Structured questionnaires were used to collect data on the impact of the program on household food security and female social status. Data on homestead gardening-related activities were collected for the three-month period prior to the interview. Because the majority of vegetable crops promoted through the NGNESP have a growing season of three months or less, a three-month time frame allowed us to capture most household gardening activities. The sustainability of the program was determined by comparing the active-and the former-participant households.
The World Bank, the FAO, and the US Agency for International Development (USAID) define food security in terms of access at all times to sufficient food to meet dietary needs for a productive and healthy life [18] . Household food security has three components: availability, accessibility, and utilization of food. Availability implies uninterrupted supplies of food, and accessibility refers to both physical and economic access to it. Utilization relates to the quality of food and the ability of households and its individual members to use it, including whether the health conditions of the individuals allow for appropriate absorption of the nutrients ingested. Data on homestead garden production, estimated in kilograms by the homestead caretakers, including the adoption of year-round production practices, were used to assess the effect of the project on food availability. The caretakers can estimate the production in kilograms fairly accurately, because sales of produce tend to measured in kilograms. The ability of households to access food was measured by the consumption levels of garden produce (estimated at harvest), the amount of cash generated from gardening activities, and by the extent to which garden income was spent on food and productive assets. The level of fruit and vegetable crop diversification in homestead gardens, the number of vitamin A-rich crops grown, and the type of foods purchased by households using garden income were used to estimate the program's effect on the quality of foods accessible to households. The list of vitamin A-rich crops compiled by Darnton-Hill and colleagues [19] was used to determine whether a crop was vitamin A-rich (> 250 retinol equivalents [RE]/100 g). The social impact of the program was determined by the changes, as perceived by women, in their ability to contribute to household livelihoods and participate in household decision-making.
Data analysis was performed with the Statistical Package for Social Sciences (SPSS, version 9.02 Windows, Chicago, IL, USA). Analysis included descriptive statistics and analytical models. For categorical variables, significance of the differences between group medians was determined by the chi-square test. When the main outcome measures were continuous variables with normal distributions, the significance of the differences in group means was determined by analysis of variance (ANOVA). In cases of non-normal distributions with continuous variables, the significance of a difference between groups was determined by the Mann-Whitney test for paired comparisons and the Kruskal-Wallis test for multiple comparisons. A p value < .05 was considered to indicate statistical significance.
Results
Characteristics of households
The average household size before the NGNESP was introduced in the subdistrict did not differ among the three groups. The active-participant households had an average of 5.8 members, whereas both the former-participant and the control households had an average of 5.9 members. A household was defined as the number of people living in the same compound (enclosed group of buildings belonging to the same family) and eating from the same cooking pot. The data also show that 84%, 83%, and 77% of the gardeners in the active-participant, former-participant, and control groups, respectively, were women. Farming was the primary income source for all three categories of households before the advent of the NGNESP (table 1) . A significant number of households in all three groups had no main income at the onset of the program in the subdistrict. These findings suggest a relatively similar economic status among the three groups of households at the time of NGNESP introduction. 
Impact of a homestead gardening program
Homestead gardening practices
More households in the active-participant and former-participant groups than in the control group managed a garden and practiced year-round gardening (table 2) . The program beneficiaries, as compared with the control households, also had diversified their vegetable and fruit crops more and grew more vitamin A-rich crops. The data presented in table 2 also suggest that households in the completed group had, to a large extent, maintained the level of gardening activities after assistance from the NGNESP had been terminated, illustrating the sustainability and value of NGNESP activities.
Production and consumption of garden produce Table 2 shows that active-participant households produced a median of 135 kg of vegetables and 24 kg of fruits, and households in the former-participant group produced a median of 120 kg (range, 50-220 kg) of vegetables and 24 kg (range, 12-50 kg) of fruits. In contrast, the control households had a median production of 46 kg of vegetables and 14 kg of fruits during the same time period. The quantities of vegetables and fruits produced by households in both the active-participant and the former-participant groups were significantly different from those produced by the control households (p < .001), but there were no differences between the quantities produced by the two groups of beneficiaries. During the three-month period prior to data collection, the consumption of vegetables and fruits from homestead gardens by households in the active-partici-pant and former-participant groups was significantly higher than the consumption by the control households during the same period. When the two groups of beneficiaries were compared, we found that the households in the active-participant group consumed more vegetables than those in the former-participant group, but no significant difference was detected in fruit consumption. The consumption figures of garden produce represent a daily per capita consumption* of vegetables of 160 g for the active-participant group, 132 g for the former-participant group, and 71 g for the control households. Considering that the recommended World Health Organization (WHO) and FAO daily per capita consumption of vegetables is 200 g [20] , the data suggest that active-participant households are obtaining 80%, and the former-participant households 66%, of their required daily per capita consumption of vegetables from homestead gardening activities, compared with the 35% of required daily per capita consumption by the control households during the period covered in the study.
Homestead garden income and expenditure
During the three-month period prior to data collection, significantly more households in the active-and former-participant groups than households in the control group generated income by selling part of their garden produce ( fig. 1) . The amount of money earned by beneficiary households (490 and 347 taka) from gardening activities was also higher than that Crop diversification data are means (± SD). Consumption and production data are medians (25th-75th percentiles). Numbers in rows followed by different letters are significantly different according to analysis of variance (ANOVA) or the Kruskal-Wallis test (p < .05).
* Estimation of the daily per capita consumption: consumption per month (g)/30/household size (5.9). earned by control households (200 taka) in the same period. When the two groups of beneficiaries are compared, the former-participant households are found to generate more income from gardening than those in the active-participant group (fig. 1) . The fact that the former participants had been involved in the program longer than the active participants leads us to believe that they had acquired enough experience to establish better channels for selling produce and to focus on high-market-value crops. This could explain the difference in income generated by the two groups of participants.
With regard to income expenditure, the results presented in table 3 show that food was the item most frequently purchased by the three categories of households using homestead garden income. Among the households that managed a garden, significantly more households in the active-and former-participant groups than in the control group purchased food or paid for education, clothing, productive assets, and health care from their gardening activities. The food items purchased included oil, salt, spices, fish, rice, and meat.
Changes in the ability of women to contribute to the household
Women respondents were asked to compare their current level of contribution to the household in terms of money and/or garden produce with their level of contribution prior to the establishment of the program in the subdistrict. Whereas more than 85% of women in both the active-and the former-participant groups believed that they had considerably increased their contribution to the household, only 52% of women in the control group believed they had done so ( fig. 2) . About 92% of women in the active-participant group and 77% in the former-participant group considered gardening to be one of the main activities that allowed them to increase their household contribution. Gardening was cited by only 31% of women in the control 
Changes in the level of infl uence of women on household decision-making
The influence of women respondents on household decision-making before and after the introduction of the NGNESP in the subdistrict was assessed on the basis of a set of questions representing different socioeconomic aspects of their livelihoods that are tradition-ally under male control. "Full power" is the category assigned to women who are capable of making final decisions either after consultation with their husbands or alone; "some power" designates women who may be consulted but do not have the power to make final decisions; and "no power" (not included in table 4) refers to women who are not even consulted. The data show that more women in the former-participant group than women in the active-participant and control groups said they had gained power even before the introduc- tion of the NGNESP in their subdistricts. This finding might be due to the fact that recall by the former participants was less reliable than that by women in the active-participant and control groups because of their longer history with the program at the time of data collection. The data presented in table 4 also show that more women in all three groups, including the control group, had full or at least some power in decisionmaking at the time the data were collected than they did during the period prior to the NGNESP. However, the relative percentages of increase for women beneficiaries (those in the active-participant and former-participant groups) are significantly higher than those for women in the control group. For the two groups of beneficiaries, more women in the former-participant than in the active-participant group reported having full power for making certain decisions, and the proportion that had either full or some power was comparable in the two groups of beneficiary women.
Discussion
As stated at the beginning of this paper, household food security was determined by assessing the availability of food to households, the ability of households to access food, and the utilization of food by households. In this study, households that participated in the NGNESP had more food available to household members. Although homestead food production was measured for only a three-month period, the assessment was conducted in the winter, which is the main gardening season for most households. More households under the NGNESP were recorded as practicing year-round production; meaning that most control-group NGNESP households garden even in the off-season. Therefore, NGNESP participating households that garden yearround would be expected to have greater production in the off-season compared to the control households that garden only in the winter. A year-round supply of food to households illustrates that the program has been instrumental in augmenting food availability to the households, thus contributing to food security. Whereas former-participant households generated more income than active-participant households, fewer former participants produced year-round. This may indicate that the former-participant households optimized their garden production in a way that was most suitable for them and made optimal use of opportunities for selling produce. Increased homestead production does not necessarily translate into increased household consumption. Therefore, we considered the amount of homestead garden produce consumed by households, rather than production, as the indicator to measure the capacity of households to access food. The much higher consumption of vegetables and fruits observed among benefici-ary households in this study suggests an improvement in the ability of poor households to access food, especially vegetables and fruits. In addition, the higher proportion of households that generated income and increased the amount of income per garden under the NGNESP, and the fact that garden income was largely spent on food, also illustrate that the gardening program strengthens the ability of households to access food. The productive asset holdings of households are often considered a reliable indicator for determining household vulnerability to adverse conditions and food insecurity. The fact that more beneficiary households were found to acquire productive assets using income earned from selling garden produce indicates an increase in their ability to access food under different conditions, and thus an improvement in food security.
As pointed out, the utilization of food adds a qualitative dimension to household food security in the form of nutritional security. Having enough food in terms of calories does not necessarily guarantee a household's food security; the quality of food needs to be considered as well. Because of the nature of this study, details on the quality of food accessible to households through gardening activities could not be directly determined. However, increased vegetable crop diversification in homestead gardens has been found to be associated with increased nutritional quality of garden produce in terms of its iron, vitamin A, vitamin C, and fiber contents [8] . In this regard, the higher number of vegetable and fruit crops, especially vitamin A-rich crops, grown by households under the NGNESP suggests an improvement in the nutritional quality of the garden produce accessible to households. In addition, the fact that more households under the NGNESP used garden income for health care and to purchase other nutritious foods, such as fish, meat, and pulses, also suggests an improvement in the quality of food accessible to the households.
As stated earlier in this paper, more than 860,000 households have directly participated in the NGNESP since its onset in 1993. Considering the median garden production of former-participant households and a 4% dropout rate (table 2), the total amount of produce produced by the 860,000 active and former beneficiary households in a three-month (winter) period can be estimated at 99,072 metric tons of vegetables and 19,814 metric tons of fruit. This production represents a significant contribution to the national requirement of vegetables and fruits. Therefore, it can be considered that this program has also made, at the macroeconomic level, a significant contribution to the availability of vegetables and fruits and, through income generation, to the reduction of poverty in Bangladesh. These findings illustrate that the NGNESP can be credited with improving not only the availability of food to households but also the ability of households to access quality foods and, therefore, their overall food security. And as shown by the comparison of former-versus active-participant and control households, the benefits gained by households participating in the NGNESP were sustained after the withdrawal of support after three years.
By participating in the NGNESP, poor rural women are learning new skills in improved gardening practices. They are participating in training and nutritional education sessions and are exchanging ideas with other women. These actions have resulted in the improvement of gardening activities in terms of production and income generation and in an increase in the contribution of women to household economic wellbeing. More important, women beneficiaries believed that their ability to contribute to the household livelihood had improved since they became involved with the NGNESP.
Although it is unclear to what extent the perception of an increased economic contribution to the household by poor women translates into self-esteem and empowerment, a number of authors have argued that there is at least some gain when women believe that they are significantly contributing to household economic well-being [14] . In addition, studies carried out in Bangladesh have suggested that women who make themselves economically valuable through their activities are more likely to win respect among household members, which in turn leads to the enhancement of their social status within the household [17] . In this regard, the observed increase in decision-making power by NGNESP beneficiaries in this study can be credited, in part, to the intrahousehold respect that women gained based on their economic contribution to the household. The increase of decision-making power among the controls, though smaller than that among the beneficiary women, may be attributed to a combination of socioeconomic factors, including participation in gardening activities. About 61% of women in the control group who claimed to have increased their decision-making power attributed the increase to their involvement in gardening. The remaining 39% of the women gave reasons such as their involvement in income-generating activities other than gardening, the increase of a woman's status with age, and the fact of having sons for their increase in decision-making power. This study also showed that the longer women are involved in the activities (women of former-participant versus active-participant households), the more household decision-making power they acquire.
This evaluation has shown that homestead gardening programs can play an important role in increasing household food security, household income, and the empowerment of women, in addition to increasing vitamin A intake. Therefore, improving traditional gardening practices through homestead food-production programs is an important strategy for combating micronutrient deficiencies as well as poverty, and should be part of a mix of strategies that address these problems. In order to implement such programs on a large scale, partnership with suitable local institutions, as it is done through the NGNESP [9] , is needed.
Whereas the increased intake of vegetables and fruits increases vitamin A intake [5, 9] and hence contributes to reducing vitamin A deficiency [21] , the bioavailability of vitamin A from fruits and vegetables is lower than assumed [4, 22] . Therefore, in order to further improve dietary quality and come closer to meeting the needs for micronutrients, animal foods should be added to the diet. These can also be produced at the homestead; Helen Keller International has added an animal husbandry component to its homestead food-production program. In addition, possibilities for food fortification and growing crops with increased micronutrient content and/or reduced content of inhibitors of absorption, such as phytate, should be sought.
Future research and evaluations of homestead foodproduction programs should assess year-round production and household food distribution, which appear to be deficient in poor households with limited resources [23, 24] . In addition, future studies should investigate how a program such as the NGNESP changes women's empowerment and whether it also affects their share in the household's food distribution. Such information can be used to design strategies to promote equal sharing of benefits within households and to strengthen household food security and the empowerment of women in future programs.
